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© Disclosed is a flow imaging cytometer having a 
flow cell (5) one side of which is irradiated with 
excitation light, in which wavelength selecting means 
(4) for reflecting excitation light and transmitting flu- 
orescence or reflecting means for reflecting excita- 
tion light is provided on the side of the flow cell 
opposite the side irradiated, thereby increasing the 
intensity of the excitation light so that the intensity of 
fluorescence emitted from an irradiated cell is in- 
creased, it is possible to pick up the fluorescent 



images at all times. The cytometer includes a light 
source (1) for emitting the excitation light, dichroic 
mirrors (3,3a) which construct the wavelength select- 
ing means, a photomultiplier (6) for detecting fluores- 
cence from irradiated cells, and a cell flow-by de- 
cision circuit (13) which, based upon a detection 
signal from the photomultiplier, determines whether 
a detected cell of interest is suited to pick-up of a 
fluorescent image and produces a prescribed control 
signal for controlling an electronic shutter. 
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This invention relates to a flow imaging cyto* 
meter for picking up the fluorescent images of 
cells. 

A laser light source often is used as an excita- 
tion light source in flow cytometers for measuring 5 
fluorescence emitted from unstained cells or from 
cells that have been treated with a fluorescent 
stain. The reason for employing such a light source 
is that use of a laser makes it possible to narrow 
down the zone measured, as a result which the w 
intensity of irradiation per unit area in the measure- 
ment zone can be increased to strengthen the 
intensity of the fluorescence obtained from the 
irradiated ceils. 

A problem which arises when using a laser is 75 
that the excitation wavelength is limited to a spe- 
cific wavelength, as a consequence of which a 
limitation is placed upon the fluorescent stain solu- 
tions that can be used. In addition, a laser light 
source is large in size and high in cost. 20 

A method adopted in an effort to solve these 
problems involves using an xenon lamp or the like 
as the excitation light source and selecting the 
wavelength of the excitation light by using an inter- 
ference filter as a filter which selects the excitation 25 
light. However, since the irradiated zone cannot be 
narrowed down in the manner made possible by a 
laser, a high fluorescent intensity is not obtained. 
The problem involving the intensity of the excitation 
light is conspicuous in an apparatus for picking up 30 
a fluorescent image, as set forth in the specification 
of Japanese Patent Application Nos. 3-33151, 3- 
33189, 3-33137 and 3-33138. The following meth- 
ods have been adopted in order to intensify flu- 
orescence for the sake of obtaining the fluorescent 35 
images of cells: 

1 . An excitation light source having a high light- 
emission intensity is used. 

2. The excitation light is narrowed down to the 
smallest zone possible. 40 

3. Weak fluorescence is intensified by an image 
intensifier, which is a photomultiplier element. 

If the intensity of the fluorescence emitted from 
a cell is low, however, applying excessive am- 
plification by an image intensifier results in a lower 45 
S/N ratio due to photoelectric noise. The resulting 
drawback is a deterioration in image quality. This 
means that there is a limit upon the maximum mu- 
f actor that can be used, and hence the intensity of 
the fluorescence necessary for picking up the flu- so 
orescent image of a cell is inadequate. 

Accordingly, an object of the present invention 
is to provide a flow imaging cytometer in which the 
intensity of fluorescence needed for picking up the 
fluorescent image of a c II can be sufficiently in- 55 
creased if the intensity of light from an excitation 
light source is weak. 



According to the present invention, the for - 
going object is attained by providing a flow imaging 
cytometer having a flow cell one sid of which is 
irradiated with excitation light, in which wavel ngth 
selecting means for reflecting excitation light and 
transmitting fluorescence or reflecting means for 
reflecting excitation light is provided on the side of 
the flow cell opposite the side irradiated, thereby 
increasing the intensity of the excitation light so 
that the intensity of fluorescence emitted from a 
cell is increased. 

Other features and advantages of the present 
invention will be apparent from the following de- 
scription taken in conjunction with the accompany- 
ing drawings, in which like reference characters 
designate the same or similar parts throughout the 
figures thereof. 

Fig. 1 is a block diagram illustrating the con- 
struction of a first embodiment of a flow imaging 
cytometer according to the present invention; 
Fig. 2 is a characteristic diagram showing the 
wavelength transmittance of a dichroic mirror 
serving as wavelength selecting means; 
Fig. 3 is a diagram showing the relationship 
between an image pick-up area and a slit in a 
flow cell; 

Fig. 4 is a diagram showing an arrangement of 
optical components in the vicinity of the flow 
cell; 

Fig. 5 is a diagram showing an arrangement of 
optical components in the vicinity of the flow cell 
in a case where the dichroic mirror is concave; 
Fig. 6 is a diagram showing an arrangement of 
optical components in the vicinity of the flow ceil 
in a case where the back surface of the flow cell 
is provided with a vapor-deposited film serving 
as wavelength selecting means; 
Fig. 7 is a block diagram illustrating the con- 
struction of a second embodiment of a flow 
imaging cytometer according to the present in- 
vention; 

Fig. 8 is a diagram for describing an example of 
signal processing in a cell flow-by decision cir- 
cuit; 

Fig. 9 is a diagram for describing another exam- 
ple of signal processing in the cell flow-by de- 
cision circuit; 

Fig. 10 is a block diagram illustrating the con- 
struction of a third embodiment of a flow imag- 
ing cytometer according to the present inven- 
tion; 

Fig. 1 1 is a diagram showing an arrangement of 
optical components in the vicinity of the flow cell 
in a case where th dichroic mirror is concave 
according to the third embodiment; and 
Fig. 12 is a plan view illustrating a circular 
aperture in a concav mirror. 
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Preferred embodiments of the present inven- 
tion will now be described in detail with reference 
to the accompanying drawings. 

Fig. 1 is a block diagram illustrating the con- 
struction of a first embodiment of a flow imaging 
cytometer according to the present invention. The 
apparatus includes a flow cell 5 formed to include a 
flat flow path for causing a specimen solution con- 
taining cells to flow as a flat stream. The apparatus 
is adapted to pick up the images of specific cells 
flowing through the cell. In accordance with a fea- 
ture of the invention, the cells which flow through 
the flow cell 5 are monitored at all times and only 
the fluorescent images of cells which emit fluores- 
cence are selectively picked up. The embodiment 
of Rg. 1 (and of Fig. 7, described later) represents 
an apparatus of the incident-tight type. 

The apparatus further includes a light source 1 
for inducing fluorescence. The light source 1, which 
uses an xenon lamp of the continuously light-emit- 
ting type and emits excitation light, acts as a light 
source for image pick-up. A collimator lens 2 dis- 
posed in front of the excitation light source 1 re- 
ceives the light from the light source 1 and renders 
the light parallel. A filter 4 for selecting excitation 
light receives the collimated light and selects a 
wavelength of light through which the cells flowing 
through the flow cell 5 will pass. More specifically, 
the filter 4 selects a wavelength best suited for the 
cells of interest or for the fluorescent stain solution 
and allows the light of the selected wavelength to 
pass through. 

A dichroic mirror 3 on one side of the flow cell 
5 receives the excitation light that has passed 
through the selective filter 4 and reflects the excita- 
tion light in a predetermined direction so that it will 
impinge upon an objective lens 6 on one side of 
the flow cell 5. It should be noted that the char- 
acteristic of the dichroic mirror 3 is such that 
fluorescent light will pass through it. A second 
dichroic mirror 3a on the other of the flow cell 5 
selects and transmits fluorescence emitted by cells 
in the flow cell 5 but reflects the excitation light. 
Fig. 2 illustrates an example of the wavelength- 
transmittance characteristics of the dichroic mirrors 
3, 3a. 

An objective lens 6a on the other side of the 
flow cell 5 converges and condenses the fluores- 
cent light emitted by cells and introduces the con- 
densed light to a photomultiplier 8 serving as de- 
tecting means. Disposed between the objective 
lens 6a and the photomultiplier 8 on the light- 
entrant side of the photomultiplier is a slit 7 which 
limits the zone for d tecting the fluorescence emit- 
ted from ceils in the image pick-up area of the flow 
cell 7. As shown in Rg. 3, the slit 7 has a light 
transmitting portion a on sid of which preferably 
coincides with a width of 150 urn possessed by the 



visual field of a video camera 1 2. The other side of 
the slit 7 preferably has a width of about 20 urn so 
as to conform to the flow cell 5. Consequently, it 
will suffice if the dimensions of the objective lens 
5 6a are 0.2 x 1.5 mm if the objective lens 6a used 
has a magnification of 10x, and 0.8 x 6 mm if the 
objective lens 6a used has a magnification of 40x. 
Accordingly, the dimensions of the light transmit- 
ting portion a of the slit 7 would be 20 x 150 urn, 

w and the dimensions of a fluorescent image pick-up 
area b of the slit 7 would be 150 x 150 urn. 

A cell flow-by decision circuit 13 applies pre- 
scribed processing to the signal outputted by the 
photomultiplier 8 and determines whether a de- 

75 tected cell is a cell of interest. If the detected cell 
is a cell of interest, the decision circuit 13 produces 
a shutter-actuating trigger signal Sn to actuate an 
electronic shutter 9. 

Rgs. 8 and 9 illustrate examples of the signal 

20 processing performed by the cell flow-by decision 
circuit 13. Specifically, a cell is determined to be a 
cell of interest if the pulse width of a fluorescent 
signal KS emitted by a cell is a predetermined 
pulse width Pw, if signal strength exhibits a value 

25 greater than a predetermined threshold level SI, or 
if both of these conditions are satisfied. 

The electronic shutter 9 selects which light 
received by the objective lens 6 from the fluores- 
cent light emitted by a cell is allowed to impinge 

30 upon an image intensifier 10. The electronic shutter 
9 is controlled by the cell flow-by decision circuit 
13. The period of time during which the electronic 
shutter 9 is opened (released) is decided by the 
flow velocity of cells used as a sample. For exam- 

35 pie, if the flow velocity of the cells is 1 m/sec, then 
the shutter 9 must be opened for about 1 am. If 
the shutter 9 is opened for longer than this time 
period, the fluorescent image formed on the image 
intensifier 10 will move owing to the flow and a still 

40 picture will no longer be obtained. 

The image intensifier 10 is a photomultiplier 
element in which light incident upon its photoelec- 
tric surface is amplified by a factor of 10 3 to 10 6 
before being delivered to a side thereof having a 

45 fluorescent surface. An arrangement can be adopt- 
ed in which the image intensifier 10 has a built-in 
electronic shutter function, in which case the elec- 
tronic shutter 9 would be separately provided. 
An image-forming lens 11, which is disposed 

so between the image intensifier 10 and the video 
camera 12, converges and condenses the light 
indicative of the image outputted by the fluores- 
cence surface of the image intensifier 10 and forms 
the resulting image on a CCD in the video camera 

55 12. 

The operation of the apparatus will now be 
described. 
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Excitation light produced by the light source 1 
for inducing fluorescence passes through the col- 
limator lens 2 and the resulting collimated light is 
then reflected by the dichroic mirror 3. The re- 
flected light is converged by the objective lens 6 
and constantly irradiates the flow cell 5. Only flu- 
orescence emitted from a cell within the flow cell 5 
passes through the dichroic mirror 3a and is trans- 
mitted by the slit 7, after which it impinges upon 
the photomultiplier 8. The latter produces a detec- 
tion signal that is applied to the cell fiow-by de- 
cision circuit 13, which determines whether the 
signal is indicative of a cell of interest. If the 
detected cell is a cell of interest, the electronic 
shutter 9 is released by the shutter-actuating trig- 
ger Sn produced by the decision circuit 13. The 
component of the excitation light reflected by the 
dichroic mirror 3a again irradiates the cell in the 
flow cell 5. Since the distance between the flow cell 
5 and the dichroic mirror 3a is sufficiently short, 
there is almost no time difference between the 
excitation light which has irradiated the cell directly 
and the excitation light that has been reflected so 
as to irradiate the cell, and therefore the cell is 
irradiated substantially simultaneously. As a con- 
sequence, the intensity of the excitation light ob- 
tained is equivalent to what would be obtained by 
irradiating the cell with excitation light having ap- 
proximately twice the illumination. Since the flu- 
orescence emitted from the cell is isotropic in all 
dir ctions, the fluorescence from the flow cell 5 
impinges also upon the electronic shutter 9 via the 
objective lens 6 at the same time that the 
photomultiplier 8 detects the fluorescence signal. If 
at this time the detected cell is determined to be a 
cell of interest by the cell flow-by decision circuit 
13, the electronic shutter 9 is released so that the 
fluorescent image of the cell is formed on the 
photoelectric surface of the image intensifier 10. 
Th fluorescent image is amplified by the image 
int nsifter 10 and is delivered to its fluorescent 
surface, namely its output surface. The resulting 
intensified image is formed on the CCD of the 
video camera 12 by the image-forming lens 11, 
whereby a fluorescent image of the cell is ob- 
tained. 

Fig. 4 is a diagram showing an arrangement of 
the optical components in the vicinity of the flow 
cell 5 according to the present invention. As shown 
in Fig. 4, the excitation light is converged by the 
objective lens 6 and irradiates the flow cell 5 from 
the right side in the drawing. The excitation light is 
reflected by the dichroic mirror 3a on the left side 
of the flow cell 5 and again irradiates the cells 
within the flow cell. Meanwhile the fluorescence 
mitted by the irradiated cells passes through the 
dichroic mirror 3a so as to impinge upon the 
photomultiplier 8. 



It should be noted that dichroic mirror 3a used 
can be one which is concave in shape, as shown in 
Fig. 5. In such case, if the focal point of the 
reflected light from the dichroic mirror 3a is placed 
5 in the measurement zone of the flow cell 5, then 
even the excitation light incident upon the periph- 
ery of the concave mirror can be converged toward 
the measurement zone, as a result of which the 
degree of illumination provided by the excitation 

10 light can be increased even further. 

As illustrated in Fig. 6, it is also possible to 
vapor-deposit a wavelength-selective film on the 
back surface of the flow cell 5. 

Fig. 7 is a block diagram illustrating the con- 

75 struction of a second embodiment of a flow imag- 
ing cytometer according to the present invention. 

This embodiment is simplified in construction 
by arranging the ceil monitoring system and the 
image pick-up system on the same optic axis. In 

20 this case, it is required that a half-mirror 16 be 
interposed between the dichroic mirror 3 and the 
electronic shutter 9. Here fluorescent light reflected 
by the half-mirror 16 is detected by the photomul- 
tiplier 8, and fluorescent light transmitted by the 

25 half-mirror 16 is picked up and imaged by the 
image pick-up means 12. 

Fig. 10 is block diagram illustrating the con- 
struction of a third embodiment of a flow imaging 
cytometer according to the present invention. 

30 In this embodiment, the dichroic mirrors 3, 3a 
are eliminated by arranging the cell monitoring 
system and the image pick-up system at right 
angles to the excitation-light irradiating system. In 
this arrangement, the dichroic mirrors 3, 3a are 

35 replaced by reflecting means 17 as wavelength 
selecting means in order to measure fluorescence 
from one side of the cell which emits the fluores- 
cence. To this end. it is required that the reflecting 
means 17 be disposed on the side of the flow cell 

40 5 opposite the light source 1 which induces the 
fluorescence. Examples of the reflecting means 17 
are a planar mirror or, as in the arrangement of Fig. 
5, a concave mirror whose focal point is placed at 
a position in the measurement zone of the flow cell 

45 5. As for the disposition of the reflecting means 17, 
it may be placed in the same manner as the 
dichroic mirror 3a in the arrangement shown in 
Figs. 4, 5 and 6. 

In still another possible arrangement, a con- 
so cave mirror 17' having a circular aperture 7a' at its 
center, as shown in Fig. 12, can be provided be- 
tween an excitation-light converging lens 15 and 
the flow cell 5. As a result, the excitation light is 
reflected at the concave surface portion to make 

55 possible a further increase in the illumination pro- 
vided by the excitation light. 

Thus, in accordance with the flow imaging 
cytometer of the present invention, as described 
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above, the ntirety of a cell can be irradiated with 
excitation light owing to reflection of excitation light 
by wavelength selecting means or reflecting means 
provided in back of a flat flow path of a specimen 
solution. In addition, since cells in the specimen 5 
solution are irradiated with the excitation light re- 
sulting from reflection, the illumination afforded by 
the excitation light can be doubled in comparison 
with a case in which the specimen solution is 
irradiated from only one side. As a result, it is 10 
possible to increase the intensity of the fluores- 
cence emitted by the irradiated cells. 

As many apparently widely different embodi- 
ments of the present invention can be made with- 
out departing from the spirit and scope thereof, it is 75 
to be understood that the invention is not limited to 
the specific embodiments thereof except as de- 
fined in the appended claims. 

Claims 20 

1. A flow imaging cytometer comprising: 

a flow cell formed to have a flow path 
through which a specimen solution containing 
cells to be detected is caused to flow as a flat 25 
stream, said cells including a cell of interest; 

a light source for irradiating the specimen 
solution in said flow cell with light; 

image pick-up means for picking up a still 
image of a cell of interest in the specimen 30 
solution and producing image data indicative of 
the ceil of interest whose image has been 
picked up; and 

image processing means for executing de- 
sired data processing based upon the image 35 
data from said image pick-up means; 

wherein fluorescent images of the cells 
which flow through said flow cell are picked up 
and analyzed; 

the irradiating light from said light source 40 
is light for exciting fluorescence in the cells 
and irradiates the flat stream of the specimen 
solution from a front side thereof; and 

said image pick-up means is for picking up 
fluorescent images of cells from the front side 45 
or a back side; 

the imaging flow cytometer further com- 
prising: 

wavelength selecting means for reflecting 
excitation light transmitted by said flow cell 50 
and transmitting fluorescence emitted by the 
cells in said flow cell; 

detecting means for detecting the fluores- 
cence, which is emitted by the cells in said 
flow cell, separately of said image pick-up 55 
means, and producing a d tection signal indi- 
cative of the d tect d fluorescenc ; and 

decision control means for detecting a cell 



of interest based upon the detection signal 
from said detecting means, determining wheth- 
er the cell of interest is suitable for pick-up of 
the fluorescent image by said image pick-up 
means, and generating a prescribed control 
signal. 

2. The flow imaging cytometer according to 
Claim 1, wherein said wavelength selecting 
means has a planar surface. 

3. The flow imaging cytometer according to 
Claim 1, wherein said wavelength selecting 
means has a concave surface. 

4. The flow imaging cytometer according to 
Claim 1, wherein said wavelength selecting 
means is provided in intimate contact with a 
back surface of said flow cell. 

5. The flow imaging cytometer according to 
Claim 1, wherein said wavelength selecting 
means comprises a vapor-deposited film 
formed on a back surface of said flow cell. 

6. A flow imaging cytometer comprising: 

a flow cell formed to have a flow path 
through which a specimen solution containing 
cells to be detected is caused to flow as a flat 
stream, said cells including a cell of interest; 

a light source for irradiating a flat flow 
zone of the specimen solution in said flow cell 
with light; 

image pick-up means for picking up a still 
image of a cell of interest in the specimen 
solution and producing image data indicative of 
the cell of interest whose image has been 
picked up; and 

image processing means for executing de- 
sired data processing based upon the image 
data from said image pick-up means; 

wherein fluorescent images of the cells 
which flow through said flow cell are picked up 
and analyzed; 

the irradiating light from said light source 
is light for exciting fluorescence in the ceils 
and irradiates the flat stream of the specimen 
solution from one side thereof; and 

said image pick-up means is for picking up 
fluorescent images of cells from the front side 
or a back side; 

the imaging flow cytometer further com- 
prising: 

reflecting means for reflecting excitation 
light transmitted by said flow cell; 

detecting means for detecting the fluores- 
cence, which is emitted by th cells in said 
flow cell, separately of said image pick-up 
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means, and producing a detection signal indi- 
cative of the detected fluoresc nee; and 

decision control m ans for detecting a cell 
of interest based upon the det ction signal 
from said detecting means, determining wheth- 5 
er the ceil of interest is suitable for pick-up of 
the fluorescent image by said image pick-up 
means, and generating a prescribed control 
signal. 

10 

7. The flow imaging cytometer according to 
Claim 6, wherein said reflecting means has a 
planar surface. 

8. The flow imaging cytometer according to ts 
Claim 6, wherein said reflecting means has a 
concave surface. 

9- The flow imaging cytometer according to 

Claim 6, wherein said reflecting means is pro- 20 
vided in intimate contact with a surface of said 
flow cell. 

10. The flow imaging cytometer according to 
Claim 6, wherein said wavelength selecting 25 
means comprises a vapor-deposited film 
formed on a side surface of said flow cell. 

11. The flow imaging cytometer according to 
Claim 6, wherein reflecting means having a 30 
concave surface provided with an aperture 
through which irradiating excitation light is al- 
lowed to pass is provided on one side of said 

flow cell. 
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© Disclosed is a flow imaging cytometer having a 
flow cell (5) one side of which is irradiated with 
excitation light, in which wavelength selecting means 
(4) for reflecting excitation light and transmitting flu- 
orescence or reflecting means for reflecting excita- 
tion light is provided on the side of the flow cell 
opposite the side irradiated, thereby increasing the 
intensity of the excitation light so that the intensity of 
fluorescence emitted from an irradiated cell is in- 
creased. It is possible to pick up the fluorescent 



Fig. 1 



images at all times. The cytometer includes a light 
source (1) for emitting the excitation light, dichroic 
mirrors (3,3a) which construct the wavelength select- 
ing means, a photomultiplier (8) for detecting fluores- 
cence from irradiated cells, and a cell flow-by de- 
cision circuit (13) which, based upon a detection 
signal from the photomultiplier, determines whether 
a detected cell of interest is suited to pick-up of a 
fluorescent image and produces a prescribed control 
signal for controlling an electronic shutter. 
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